Abstract. On the basis of the relative line intensity ratio (RLIR) method, transition probability values of the spontaneous emission (Einstein's A values) of 14 transitions in the singly (Kr II) and 7 transitions in doubly (Kr III) ionized krypton spectra have been obtained relatively to the reference A values related to the 435.548 nm Kr II and 324.569 nm Kr III, the most intensive transitions in the Kr II and Kr III spectra. Our Kr III transition probability values are the first data obtained experimentally using the RLIR method. A linear, low-pressure, pulsed arc operated in krypton discharge was used as an optically thin plasma source at a 17 000 K electron temperature and 1.65 × 10 23 m −3 electron density. Our experimental relative A values are compared with previous experimental and theoretical data.
Introduction
Due to the development of space born astronomical techniques and devices such as Goddard high resolution spectrograph on the Hubble space telescope, the spectral lines of trace elements, such as krypton, are observed and the corresponding atomic data are of the increasing interest. On the basis of the recent investigation of Planetary Nebulae spectra [1] it was found that krypton is one of the most abundant elements in the cosmos with Z > 32. Krypton has been detected also in the spectra of the interstellar medium [2] . Moreover, krypton is present in many light sources and lasers as the working gas. Thus, the singly (Kr II) and doubly ionized (Kr III) krypton spectral lines are very useful for plasma diagnostical purposes. For the modeling or diagnostics of cosmic and laboratory plasmas it is necessary to know the transition probability values (Einstein's A values) [3] . A significant number of papers are dedicated to this topic [4] (and references therein), especially in the case of the Kr II A values. However, the existing experimental and theoretical Kr II A values show evident mutual scatter. In the case of the Kr III A values the situation is similar, but with a considerably smaller number of experimental and theoretical studies dedicated to the investigation of Kr III A values.
This work presents 14 Kr II and 7 Kr III A values obtained on the basis of accurately measured spectral line a e-mail: steva@ff.bg.ac.yu b e-mail: vladimir@ff.bg.ac.yu c e-mail: mdimitrijevic@aob.bg.ac.yu intensities using the step-by-step technique by the line profile recording [5] and our deconvolution procedure [6] which allows accurate measurements of the line intensities. The well-known [7] [8] [9] relative line intensity ratio (RLIR) method was used for the A values determination applied by us already in case of the Ar III, Ar IV, O II, Ne II, N III, N IV, N V and Si III spectra [10] [11] [12] [13] [14] [15] .
The experimental A exp values are obtained relatively to reference A values for the 435.548 nm Kr II and 324.569 nm Kr III lines, the most intense among the investigated lines in the Kr II and Kr III spectra. Our Kr III transition probability values are the first data obtained experimentally using the RLIR method. Our experimental A values have been compared with the transition probabilities from the references which contain A data corresponding to our chosen reference Kr II and Kr III transitions only.
Experiment
A modified version of the linear low pressure pulsed arc [5, 10, [12] [13] [14] [15] [16] [17] has been used as an optically thin plasma source. A pulsed discharge was driven in a Pyrex discharge tube of 5 mm inner diameter and plasma length of 7.2 cm. A capacitor of 14 µF was charged up to 1.5 kV. The working gas was krypton (99.99% purity) at 130 Pa filling pressure mountained by a constant flux. The spectral line profiles recording procedure together with the used experimental set-up system are described in references [13, 14, 18] . Two recorded Kr III line profiles, as an example, are shown in Figure 1 . One can notice that the investigated spectral lines are well isolated while the continuum is very close to zero within the wavelength range of interest. These facts are important for an accurate determination of line intensities and, correspondingly, for a reliable determination of A values.
The plasma was monitored by the Kr II line radiation and by the discharge current. Variations of the latter were found to be within 4%. All investigated Kr II and Kr III lines are recorded by the same experimental arrangement.
The measured profiles were of the Voigt type due to the convolution of Lorentzian profile from Stark broadening with Gaussian profile from Doppler and instrumental broadening. Line intensities were extracted from the experimental data by fitting convoluted line profiles [6] to the measured spectra. The line intensity (I) corresponds to the area under the line profile and was obtained within 3-5% accuracy from the fit. Great care was taken to minimize the influence of self-absorption on the line intensity determinations. Using a technique described in reference [10] the absence of self-absorption was obtained in the case of the investigated Kr II and Kr III spectral lines.
The plasma parameters were determined using standard diagnostic methods [7] [8] [9] . Thus, the electron temperature was determined from the ratios of the relative intensities ( with an estimated error of ±9%, assuming the existence of LTE, according to the criterion from references [7, 9] . All the necessary atomic data were taken from references [4, 19] . The electron temperature decay is presented in Figure 2 . The electron density decay was measured using a well-known single laser interferometry technique for the 632.8 nm He-Ne laser wavelength with an estimated error of ±7%. The electron density decay is also presented in Figure 2 . 
Transition probability measurements
When the plasma remains at LTE the well-known formula [7] [8] [9] (
can be used for a comparison between measured relative line intensity ratios and corresponding calculated values, taking into account the validity of the Boltzmann distribution for the population of the excited levels in the emitters. In this expression I denotes the measured (EXPT) relative intensity, λ the wavelength of the transition, A the transition probability of the spontaneous emission, ∆E the difference in the excitation energy, and g the corresponding statistical weight. T is the electron temperature of the plasma in LTE and k is the Boltzmann constant. On the basis of the measured relative line intensity ratio and electron temperature equation (1) yields ratio of the corresponding transition probabilities or conversely, the transition probability of a particular transition relative to a selected reference A value. Tables 1 and 4 
Results and discussion
Our experimentally obtained A rel exp values are given in Tables 1, 2, 3 and 4.
On the basis of Tables 1-4 [21] (6 transitions within ±14% on average), reference [22] (8 transitions within ±17% on average), reference [23] (8 transitions within ±14% on average), reference [24] (7 transitions within ±17% on average). In the case of the Kr III transitions the best agreement was found with A [35, 36] .
It should be pointed out that in the recent study [35] the authors have found satisfactory agreement among their experimental A values and calculated Kr II transition probabilities in reference [28] . Their A data show good agreement with those from reference [24] .
Finally, it turns out that in the studies [35, 36, [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] ] a number of the Kr II and Kr III A values have been obtained, but without ones corresponding to our chosen transitions so that the comparison with our A rel exp data is impossible.
Conclusion
On the basis of the accurately obtained spectral line intensities we have obtained 14 
